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Abstract: Weight increase is a common side-effect after chronic lithium salt treatment in man. This effect has 
not always been found in animal models using the rat. The possibility that the age and sex of animals might 
interfere with the results was studied, using groups of male and female rats, 2, 5 ,  and 12 months old, injected 
intraperitoneally twice daily for 28 days with a solution of lithium chloride, or sodium chloride as control. The 
dose used was 1.5 meq./kg body weight (total daily dose of 3.0 meq./kg). In 2 month old animals, lithium 
induced an increase in weight significantly greater than that of the controls in the female group, while the weight 
of the male rats in this age group remained indistinguishable from the control rats. The 5 and 12 month old 
lithium treated female rats showed no differentiation in weight. Lithium treatment ofthe males in these two age 
groups caused a large number of deaths and, consjdering only those animals which survived, average weights 
were significantly less than those of control in the 5 month olds rats, and equal to control in the 12 month olds. It 
is concluded that age and sex have to be taken into consideration when studying the effects of chronic lithium 
treatment on the weight of rats. 
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When used for long periods in man, lithium salts 
usually cause considerable increases in body weight 
(Vendsborg et a/. 1976). This side-effect appears to  
be an important factor in prompting some patients, 
particularly women, to suspend treatment (Kerry 
1974). 
In the rat, the chronic administration of lithium 
has caused contradictory results. In some studies a 
reduction of body weight is reported (Davenport 
1950; Schou 1958; Berens 1970; Schubert 1973; 
Thomsen 1973), while in others a significant in- 
crease in  weight is reported (Plenge et a/. 1973; 
Bellwinkel eta/. 1975; Opitz& Schafer 1976; Plenge 
1978). 
Some factors, which interfere with this variation 
in weight are already known, such as the dose of 
lithium, method of administration, supplementa- 
tion of the diet with sodium and/or potassium, the 
amount of stimulation of the environment, and the 
maintenance of cages under ideal conditions to 
avoid humidity as a consequence of lithium in- 
duced polyuria (Schou 1958; Thomsen 1970; Be- 
rens et a/. 1970; Schubert 1973; Olesen et a/. 1975; 
Bellwinkel eta/.  1975; Opitz& Schafer 1976; Plenge 
1978; Vendsborg 1980). 
In a recent series of studies ascertaining the link 
between the behavioural effects of lithium in rats 
and the toxic actions of the drug (weight loss 
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and/or death of the animals), it was discerned that, 
apart from the factors cited above, the sex and age 
of the animals were apparently influencing the 
observed weight changes (Teixeira & Karniol, un- 
published results). This study focuses on the weight 
variation of lithium treated rats caused by these 
two factors. 
In  this experiment we did not try to avoid the 
known toxic effects of lithium by using procedures 
such as giving some extra sodium and/or potas- 
sium in the diet, or in the drinking water(Thomsen 
1973 & 1977, Thomsen et a/. 1974). Firstly we 
wanted to study the sole influence of the age and sex 
of the rats on the toxic actions of the drug, and 
secondly because other variables are introduced 
with such procedures. As an example, a high 
potassium diet caused control rats to grow a little 
slower, making comparison between groups much 
more difficult (Olesen eta/. 1975; Vendsborg 1980). 
Another problem is that if enough potassium is 
given, extra sodium is also necessary (Olesen & 
Thomsen 1980a & b). The possibility also exists 
that with those procedures lower lithium serum 
concentrations are obtained (Thomsen 1977; De- 
mers et al. 1972; Demers & Heninger 1971). 
Materials and Methods 
Male and female Wistar rats, 2,5 and 12 months old at the 
outset of the experiment were used. They were maintained 
ingroupsofthreeinwirecages 16X30X18cniwitha 12- 
hour light-dark cycle and a temperature of 22-24". Food 
and water were supplied od /ibi/um. The sodium and 
potassium content of the diet were 140 meq./kg and 135 
meq./kg, respectively. 
The drugs used were sodium chloride and lithium 
chloride, in,jected intraperitoneally in doses of 1.5 meq./ 
kg and 0.1 m1/100 g body weight twice daily, at X . 0 0  and 
17.00, for a period of28days (totaldailydose3 meq./kg). 
The animals were weighed before and at the end of'each 
successive week throughout the experiment. Animals 
which died during these four weeks were substituted by 
others of equal weight (i.e. with weights corresponding to 
the weight of the rats at the time they died), which then 
received the twice daily injections. In this way identical 
experimental conditions were maintained for all the 
animals. Only those animals which survived the whole of 
the 28-day experimental period were used to collect data 
for analysis. 
Pilot studies were carried out before proceeding with 
the experiment, which verified that, under the drug 
scheme employed, photometrically measured plasmic 
levels of lithium from blood samples collected 6 hours 
after the final injection were 0.6+0.12 meq./l. 
As it was shown in previous papers that several lithium 
effects could be attributed to the use 01' a hypertonic 
intraperitoneal injection of the drug (Smith 1976), we 
decided before performing this experiment, to test if the 
chronic administration of a 1.5 meq./kg hypertonic NaCl 
solution had the same influence on the weight of rat. 
0.99, NaCl isotonic solution. In both cases thedrugs were 
injected in a volume of 0.1 m1/100 g body weight. We 
verified that there were no significant differences in 
weight between the two groups. 
Table I .  
Variations in the weight of female rats of various ages, treated chronically with lithium chloride. or sodium 
chloride, solution at a dose of 1.5 meq./kg weight (total daily dose of 3 meq./kg). Asterisks indicate statistically 
significant differences (P at leastG0.05, student's t-test) between the groups during the given week; comparisons were 
made between the groups of the same age, i.e. A and B, C and D. 
Initial age Number of Number of Weight ( g ) f S . D .  during successive weeks 
Group (days) Drug animals deaths initial week 1 week 2 week 3 week 4 
~~ 
A 60 NaCl 15 - 168.20 185.86 192.66 200.06 210.86 
& 12.58 i. 17.27 k 13.69 k20.53 k 19.71 
- 
B 60 LiCl 15 - 163.13 197.57 210.57" 223.50"; 235.57" 
k 15.70 k 17.48 I l 8 . 7 5  k23.37 k27.30 
C I50 NaCl 15 - 186.13 188.53 191.46 197.33 200.20 
f20 .32  k21.49 124.33 k25.51 k27.27 
D 150 LiCl 15 - 188.57 185.64 188.92 193.57 196.64 
f20 .47  k22.19 2~23.69 k25.19 3125.05 
- 
E 3 60 LiCl 15 - 225.29 223.35 225.76 224.35 226.35 
k33.07 k36.09 3139.66 k35.73 k33.92 
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Results 
As can be seen in table 1, the weight of the 2 month 
old female rats were significantly greater than that 
of the control animals from the end of the second 
week of treatment to the end of the experiment. It 
can also be seen that there was no reduction in 
weight among the 5 and 12 month old lithium 
treated animals. There was also no reduction in 
weight among the 5 month old sodium chloride 
treated animals. N o  deaths accurred among the 
female rats as a result of the treatment. 
Chronic administration of lithium to male rats 
(table 2) did not cause death among the 2 month 
olds, but about 50% of the 5 and 12 month old 
animals died. Two month old lithium treated male 
rats showed no difference in weight from the 
control rats; however, the weight of the 5 month 
olds was significantly less than the control rats as 
from the second week of the experiment. The 
weight of 1 year old lithium treated animals did not 
differ from the control rats. 
Discussion 
Considering weight loss or animal death as a sign of 
toxicity due to the chronic administration of lithi- 
um in adult rats (5  and 12 month olds), the results 
demonstrate that these phenomena are more in- 
tense among male rats than among female rats, 
confirming the data obtained by Andreoli (1968). 
The lack of an observed difference in weight 
between lithium and sodium treated 1 year old 
males (table 2) must be regarded cautionsly. The 
animals which did not survive, i.e. those most 
subjected to the toxic effects of lithium and con- 
sequently most likely toshowa reduction in weight, 
were excluded from data collection. 
However, this toxicity effect was not observed in 
growing rats (2 month olds). Death and weight loss 
were not observed, on the contrary the females 
began to show a weight gain compared to the 
controls. 
One possible explanation for these findings, i.e. 
the tendency of the female rats to gain weight or not 
lose weight when treated with lithium, could be due 
to a similarity to  that which occurs in man, where 
there is a greater tendency towards hypothyroidism 
in the female sex than in the male sex as a result of 
lithium treatment (Kerry et a/. 1974; O'Connell 
1971; Fyro et al. 1973; Lindstedt et a/. 1977). Such a 
reduction in thyroid functioning would cause a 
reduction in the metabolic rate and consequently 
an increase, or at least no decrease, in weight. 
Table 2. 
Variations in the weight of male rats of various ages, treated chronically with lithium chloride, or sodium chloride. 
solution at a dose of 1.5 meq./kg weight (total daily dose of 3.0 meq./kg). Data used were those of the rats which 
survived throughout the experiment. Asteriks indicate statistically significant differences (P  at leastG0.05, Student's 
t-test) between the groups during the given week; comparisons were made between the groups of the same age, i.e. 
A and B, C and D, E and F. 
Initial age Number of Number of Weight (g)fS.D. during successive weeks 
Group (days) Drug animals deaths (%) initial week 1 week 2 week 3 week 4 
A 60 NaCl 15 - 227.80 273.00 289.26 304.26 309.53 
i 3 0 . 1 5  i21 .35  t22.66 +25.68 t24.89 
B 60 LiCl 21 - 208.19 272.47 284.28 297.33 319.50 
k40.66 f36 .17  i36 .47  i32 .31  t33 .81  
C 150 NaCl 15 - 322.80 319.73 313.00 314.13 315.33 
f39 .48  f37.82 f33 .74  f34 .07  1-35.65 
~ 
D 150 LiCl 18 S(50.00) 297.00 297.00 272.00* 266.88" 278.33"' 
+23.78 +22.95 131.18 128.01 f21 .79  
E 360 NaCI 15 - 337.80 332.80 329.40 315.20 321.80 
+54.42 t54 .81  +57.10 t58 .65  t54 .63  
F 360 LiCl 27 (12(44.44) 348.00 335.92 323.14 316.71 307.28 
f26 .42  i29 .33  f33 .85  135.61 131.89 
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Another possible explanation for our results 
could be the influence of the route of lithium 
administration used. As has been shown by Plenge 
et a/. (1980) the intraperitoneal administration of 
lithium leads to high peak levels which are followed 
by very low levels before the next injection. The 
influence of those considerable variations in the 
serum lithium concentration on weight is not 
known, and it is possible that female and male rats 
could react differently to it. 
The fact that female rats in general and 2 month 
old male rats in particular, under experimental 
conditions similar to those used here, are less 
sensitive to the toxic effects linked to the chronic 
administration of lithium, seems to us to be of 
importance and should to be taken into considera- 
tion when studying the behavioural effects of the 
drug. No addition to, or alteration of the usual diet 
is then necessary; such a change might cause 
behavioural modification. 
Some methodological problems, however, arise 
with this approach. We did not give extra sodium, 
and normal rat diets, including the one we have 
used, contain too little of this salt to avoid lithium 
toxicity (Jensen et al. 1976). The lower toxicity seen 
in the young male and female rats than in mature 
rats, could be explained by the fact that they 
consume more food/kg body weight. In that way, 
growing animals weregetting the extra sodium they 
needed. 
The conclusion is that the sex and age of  the 
animals should to  be taken into consideration when 
studying the effects of chronic administration of 
lithium salts in rats, which confirms the suggestion 
made by Vendsborg (1980). 
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